for the Korean Retina Society IMPORTANCE Iatrogenic occlusion of the ophthalmic artery and its branches is a rare but devastating complication of cosmetic facial filler injections. OBJECTIVE To investigate clinical and angiographic features of iatrogenic occlusion of the ophthalmic artery and its branches caused by cosmetic facial filler injections. DESIGN, SETTING, AND PARTICIPANTS Data from 44 patients with occlusion of the ophthalmic artery and its branches after cosmetic facial filler injections were obtained retrospectively from a national survey completed by members of the Korean Retina Society from 27 retinal centers. Clinical features were compared between patients grouped by angiographic findings and injected filler material. MAIN OUTCOMES AND MEASURES Visual prognosis and its relationship to angiographic findings and injected filler material. RESULTS Ophthalmic artery occlusion was classified into 6 types according to angiographic findings. Twenty-eight patients had diffuse retinal and choroidal artery occlusions (ophthalmic artery occlusion, generalized posterior ciliary artery occlusion, and central retinal artery occlusion). Sixteen patients had localized occlusions (localized posterior ciliary artery occlusion, branch retinal artery occlusion, and posterior ischemic optic neuropathy). Patients with diffuse occlusions showed worse initial and final visual acuity and less visual gain compared with those having localized occlusions. Patients receiving autologous fat injections (n = 22) had diffuse ophthalmic artery occlusions, worse visual prognosis, and a higher incidence of combined brain infarction compared with patients having hyaluronic acid injections (n = 13).
I ncreasing interest in aesthetics and rejuvenation has led to a recent dramatic increase in the number of aesthetic procedures performed. This is especially true for cosmetic nonsurgical injection procedures because of the development of numerous novel filling materials, the ease of the procedure, and a favorable safety profile. 1, 2 Various materials are used for facial filling, with autologous fat, collagen, hyaluronic acid, and biosynthetic polymers the most common. 3 Although these products generally have favorable safety profiles, with only minor adverse effects (eg, bruising, redness, and local swelling), in rare cases more severe or devastating adverse effects have occurred, including blindness. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Blindness after cosmetic facial filler injections is a rare complication, with only fragmented case reports on this issue. Our group previously reported 12 cases of iatrogenic retinal artery occlusion associated with cosmetic filler injections. 13 Clinical features and the presumed mechanism of retrograde occlusion were investigated. However, because of the small sample size, clinical features by occlusion degree and location and by filler type could not be fully evaluated. Lazzeri et al 12 examined 32 cases of blindness after cosmetic facial injections reported in the literature. However, that study was not uniformly designed and did not represent a comprehensive summary of clinical features, especially regarding angiographic findings and visual outcomes. In the present study, we investigated clinical and angiographic features of iatrogenic occlusion of the ophthalmic artery and its branches caused by cosmetic facial filler injections.
Methods
The study adhered to the tenets of the Declaration of Helsinki and was approved by the institutional review board of Seoul National University Bundang Hospital. Between December 1, 2012, and May 30, 2013, we conducted a national survey of the members of the Korean Retina Society on their personal experience with iatrogenic retinal artery occlusion caused by cosmetic facial filler injections. There are approximately 60 referral retinal clinics in Korea, with most being university hospitals. We obtained reports of 44 cases from 27 retinal centers, including most of the major centers in Korea, of which 19 cases (43%) had already been published in the literature. 4, 6, 7, 10, 11, [13] [14] [15] We collected survey case report forms and available ocular imaging, including fundus photographs, fluorescein angiography, indocyanine green angiography, and optical coherence tomography, as well as examination data (visual field tests, electroretinography, etc). Data obtained with survey case report forms were clinic type, injection site, injected filler material, basic demographic information (age, sex, and laterality of the involved eyes), and initial symptoms and signs (ocular pain, ophthalmoplegia, strabismus, ptosis, corneal edema, anterior chamber inflammation, pupillary abnormality, neurologic symptoms, and skin lesion), as well as examination results, including brain magnetic resonance (MR) imaging, treatment methods, visual outcomes, and final sequelae.
Ophthalmic artery occlusion (OAO) was classified into the following types according to the presumed location of occlu-sion based on fundus photographs and angiographic findings: (1) OAO, (2) generalized posterior ciliary artery occlusion (PCAO) with relative central retinal artery sparing, (3) central retinal artery occlusion (CRAO), (4) localized PCAO, (5) branch retinal artery occlusion, and (6) posterior ischemic optic neuropathy (PION). Clinical features were compared between patients grouped by angiographic findings and injected filler material.
For statistical analyses, Snellen best-corrected visual acuity (BCVA) measurements were converted to the logarithm of the minimal angle of resolution (logMAR) scale. For visual acuity worse than 20/400, logMAR values of 2.0, 2.3, 2.6, and 2.9 were assigned for counting fingers, hand motion, light perception (LP), and no LP (NLP), respectively. 16 The means of continuous variables were compared with Mann-Whitney test and Kruskal-Wallis test, and categorical variables were compared with χ 2 test and Fisher exact test. Statistical analyses were performed using available software (PASW, version 18.0; SPSS, Inc), and P < .05 was considered statistically significant.
Results

Demographics
Demographic and clinical characteristics examined in this study are summarized in [11 of 44] ). Thirty-one patients (71%) underwent brain MR imaging, of whom 12 (39%) showed focal or multifocal brain infarctions. Six patients also had corresponding neurologic symptoms, including contralateral hemiplegia (4 patients) and dysarthria (2 patients). Visual prognosis was poor, with 27 patients (61%) having a final visual acuity of NLP. In 21 patients with at least 6 follow-up months, iris atrophy (2 patients [10%]), strabismus (7 patients [33%]), and skin lesions (2 patients [10%]) persisted until the last follow-up visit. One patient (5%) progressed to phthisis bulbi.
Comparison of Different OAO Types
In this study, we classified OAO into 6 types according to angiographic findings and fundus photographs. Clinical characteristics across groups were then compared ( Table 2) .
Ophthalmic Artery Occlusion
Seventeen patients had OAO, the most severe occlusion form, with both retinal and choroidal insufficiency. This type is characterized by diffuse retinal whitening and severely compromised retinal and choroidal filling as viewed on fluorescein angiography ( Figure 1A -C). Nine of 15 patients (60%) who underwent brain MR imaging exhibited focal or diffuse brain infarction ( Figure 1E ), representing 75% of all patients with a brain lesion. Visual prognosis was poor. The BCVA after a mean (SD) follow-up period of 14.4 (15.4) 
Central Retinal Artery Occlusion
Eight patients showed delayed and compromised retinal circulation and reduced choroidal perfusion, but choroidal 
Skin lesion 2 (10)
Abbreviations: BCVA, best-corrected visual acuity; logMAR, logarithm of minimal angle resolution; NLP, no light perception. a One case of calcium hydroxyl apatite, 2 cases of poly-L-lactic acid, and 2 unknown cases. b At beauty salons, for example. c Included cases with only a visual field defect, without severe visual loss. d Four cases of contralateral hemiplegia or weakness and 2 cases of dysarthria. Age, mean (SD), y 34.6 (11.7) 39.7 (12.7) 34.9 (9.5) 31. 8 Initial BCVA, mean (SD), logMAR
Table 2. Comparison of Clinical Characteristics Among Different Arterial Occlusion Types in Patients With Iatrogenic Occlusion of the Ophthalmic Artery and Its Branches After Cosmetic Facial Filler Injections
Final BCVA, mean (SD), logMAR ischemia was not as prominent as it was in the OAO cases (eFigure 2B and C in the Supplement). Severe inner retinal edema was detected on optical coherence tomography, and a cherry-red spot was observed (eFigure 2A and D in the Supplement). The CRAO cases were also associated with autologous fat injections (75% [6 of 8]), and visual prognosis was poor, with a final BCVA of NLP in 6 of 8 patients.
Localized PCAO All 4 cases of localized PCAO showed nasal choroidal ischemia, with no compromising of the retinal or remaining choroidal circulations (eFigure 3 in the Supplement). Because the macular region was unaffected, visual prognosis was good in this group, except in patient 30, who also had optic disc edema, likely resulting from ischemic optic nerve head damage. Two patients (29 and 31) initially had anterior segment ischemia, as evidenced by corneal edema and anterior chamber reaction, which resolved during the follow-up period. These 2 patients also showed a dramatic visual acuity improvement (from 20/63 to 20/20 in patient 29 and from hand motion to 20/25 in patient 31), suggesting that the initial visual impairment was caused by corneal edema and anterior chamber reaction, with visual acuity then improving as these anterior segment ischemic changes resolved. In contrast to the more diffusely occluded cases (OAO, generalized PCAO, and CRAO), none of the localized PCAO cases were associated with autologous fat injections. Three patients had received hyaluronic acid filler, and one patient had received poly-Llactic acid filler.
Branch Retinal Artery Occlusion
The 10 patients with branch retinal artery occlusion had localized retinal edema in the involved arterial domain (eFigure 4A-C in the Supplement). Visual acuity was good in most cases, and 5 patients reported only a visual field defect (eFigure 4D in the Supplement). Fewer cases had received autologous fat filler (2 patients [20%]) than in the diffuse occlusion group.
Posterior Ischemic Optic Neuropathy
We encountered 2 cases of suspicious PION. A 27-year-old woman (patient 44 in Figure 2 ) underwent hyaluronic acid injections in the glabella and nasal dorsum for rhinoplasty. The cannula was inserted from the nasal tip to the root. When the cannula tip reached the nasal root, hyaluronic acid was gently and continuously injected as the cannula was slowly removed, leaving a filler trail in its place. Within 5 minutes, the right eyeball deviated laterally, and the patient reported diplopia, blurry vision, and eyeball pain. The physician immediately injected hyaluronidase using the same method as hyaluronic acid injections and massaged around the right orbit. When the patient visited the emergency department 4 hours later, visual acuity was LP OD and 20/25 OS. She also demonstrated 30-prism diopter exotropia and had limitations in supraduction, infraduction, and adduction in the right eye. No definitive abnormalities were observed on fundus examination, and retinal and choroidal perfusion was normal based on fluorescein angiography and indocyanine green angiography (Figure 2A-C) . Electroretinography findings were normal and symmetric ( Figure 2F ), but the visual evoked potentials revealed delayed latency and reduced signal amplitude in the right eye ( Figure 2H ). No evidence of intraorbital trauma (eg, orbital wall fracture, intraorbital hemorrhage) was found ( Figure 2I ), but a focal high-signal intensity lesion was observed in the retrobulbar optic nerve of the right eye ( Figure 2J ). This suggested ischemic optic neuropathy, and 3 months later the optic disc had a temporal pallor ( Figure 2D ). Patient 43 also had normal fundus appearance initially, but 6 months later optic atrophy ensued. Both patients had poor visual outcome, with visual acuities of LP in patient 44 and NLP in patient 43.
Diffuse Occlusion vs Localized Occlusion
We 
Discussion
In this study, we summarized clinical and angiographic characteristics of 44 patients experiencing iatrogenic occlusion of the ophthalmic artery and its branches after cosmetic facial filler injections. This is the largest case series reported to date on ocular complications following cosmetic facial filler injec- Copyright 2014 American Medical Association. All rights reserved.
ers have proposed that retrograde embolic mechanisms are responsible for the development of arterial occlusion. [5] [6] [7] [8] 12, 13, 17, 18 An OAO seems to be caused by a large bolus of filler material that has migrated in a retrograde fashion to the ophthalmic artery origin, creating a complete obstruction. Small particles can also migrate back to the central retinal artery and posterior ciliary artery origins, and this may result in particle dispersion into each arterial branch, causing a multifocal obstruction. The latter mechanism could apply to other diffuse occlusions, including generalized PCAO with central retinal artery sparing and CRAO. This results in a clinical spectrum of obstructions. In contrast, localized occlusion cases are related to focal obstructions, and uninvolved arteries have completely normal perfusion.
Two cases of presumed PION were observed in this study. They had an initially normal-appearing optic disc and fundus, but optic atrophy or temporal pallor developed during the follow-up period. In addition, brain MR imaging in patient 44 revealed a high-signal intensity lesion in the retrobulbar optic nerve without any signs of intraorbital trauma, suggesting ischemic damage. This is the first report to date associating PION with cosmetic facial filler injections. Unfortunately, the pathogenic mechanism remains a mystery. Considering that the patients were healthy before cosmetic facial filler injections and that it is not a complex surgical procedure requiring general anesthesia or resulting in arterial hypotension (the causes of surgical PION 19 ), it is reasonable to postulate that small injected particles directly occluded the vasculature re- The pial vascular plexus supplies blood to the intraorbital posterior optic nerve, and some vessels responsible for the pial plexus, which usually arise directly from the ophthalmic artery, might also be involved in these cases. Last, some particles may have accessed the internal carotid artery, causing a brain infarction. SNUBH indicates Seoul National University Bundang Hospital.
sponsible for perfusing the posterior part of the optic nerve. The posterior optic nerve is supplied by the pial plexus, [19] [20] [21] [22] and we theorize that injected material approaches the pial plexus vessel origins in a retrograde manner that usually arises directly from the ophthalmic artery, 21 but the precise mechanism remains unknown. However, when sudden visual loss following cosmetic facial filler injections is accompanied by a normal-appearing fundus and optic disc, PION should be considered. Visual evoked potentials or brain imaging may also be helpful in making or ruling out the diagnosis. We also found that the injection material was strongly associated with the occlusion type, visual outcomes, and combined cerebral infarction incidence. The use of autologous fat was related to the occurrence of diffuse OAO, a worse visual prognosis, and a higher combined cerebral infarction incidence compared with hyaluronic acid. In a previous study, 13 our group postulated that size variation in injected particles leads to different clinical occlusion features (eg, small-sized hyaluronic acid is less likely to completely block the ophthalmic artery). In addition, because of high resorption, 23 fat is usually injected in a substantial amount using a large-bore needle (14-gauge to 18-gauge), aiming to overcorrect the cosmetic defect. 24 The high volume and high pressure of this injection seem responsible for multifocal and complete obstruction of the ophthalmic artery and its branches after autologous fat injections.
Cerebral infarction was more frequently observed in autologous fat-associated retinal artery occlusions. Of 12 patients with a cerebral parenchymal lesion on MR imaging, 10 had received autologous fat filler. The remaining 2 patients had received hyaluronic acid or collagen filler. When the cosmetic facial filler injection literature was reviewed for related cerebral infarctions, it was found that most cases occurred after autologous fat injections. 5, 17, 18, [25] [26] [27] It seems that fat particles are directly injected into the internal carotid artery system in a retrograde fashion rather than into the systemic circulation because most fat particles and emboli are filtered out of circulation by the lungs. 28 In contrast to autologous fat, which resorbs substantially, hyaluronic acid attracts an influx of water and for the most part retains its injected volume. 24 This may affect hyaluronic acid particle migration properties and prevent diffuse propagation.
Our study was limited by its retrospective design. First, we could not directly calculate the ocular complication incidence following cosmetic facial filler injections. However, most Korean general ophthalmologists usually refer complicated cases to referral centers because such complications may lead to legal problems that are difficult to handle in private clinics. Therefore, we believe that most of the cosmetic facial fillerassociated blindness cases were included in our national survey. According to the International Society of Aesthetic Plastic Surgery, more than 20 000 cases of autologous fat injections and more than 90 000 cases of hyaluronic acid injections were performed in 2011 in South Korea. 29 Considering the large number of procedures performed and the few cases collected, despite a national survey, the rate of ophthalmic complications following cosmetic facial filler injections seems extremely low. Second, the study was not designed to identify risk factors that might mitigate complications, such as the type of needle used (sharp vs blunt cannula), the gauge of the instruments, and the depth or total volume of the injection. However, to decrease the risk of intravascular injection, many physicians suggest slow injection with low pressure of a small fractionated dose instead of a bolus injection, as well as the use of a blunt cannula, particularly with the injection of larger volumes. 12, 30 Conclusions Clinical features of cosmetic facial filler injection-associated iatrogenic occlusion of the ophthalmic artery branches varied according to the location and extent of OAO and the injected filler material. Autologous fat injections were associated with a higher diffuse occlusion rate, a worse visual prognosis, and a greater incidence of combined cerebral infarction compared with hyaluronic acid injections. Although this is a rare complication of cosmetic facial filler injections considering the large number performed each year, it is usually devastating, and physicians and patients should be aware of a possible ophthalmic complication.
